THE ROLE OF GERMINAL VESICLE MATERIAL ON THE SWELLING OF SPERM NUCLEI PENETRATED IN IMMATURE OOCYTES OF THE STARFISH by HIRAI ETURO
THE ROLE OF GERMINAL VESICLE MATERIAL ON THE
SWELLING OF SPERM NUCLEI PENETRATED IN




The bulletin of the Marine Biological Station






BULLETIN OF THE MARINE BIOLOGICAL STATION OF ASAMUSHI, 
VOL. XV, NO. 4, 1976 
THE ROLE OF GERMINAL VESICLE MATERIAL ON THE SWELLING 
OF SPERM NUCLEI PENETRATED IN IMMATURE 




Marine Biological Station of Asamushi, T(JJwku University, 
Asamushi, Aomori-Oity 039-34, Japan 
In marine invertebrates such as starfish and sea urchin, it is generally believed 
that the breakdown of germinal vesicle must occur before the oocytes can be 
fertilized (DELAGE, 1901; CHAMBERS, 1921). If insemination occurs at a period 
earlier than the breakdown of the germinal vesicle, the sperm either does not 
enter to the egg or fails to initiate embryonic development. In the sea urchin, 
many sperm may enter to the immature oocytes having germinal vesicle, but the 
entered sperm nuclei do not penetrate far below the surface and do not swell (WIL-
soN, 1928). 
On the other hand, KANATANI et al. have demonstrated that in starfish, the 
oocyte maturation, indicated with germinal vesicle breakdown (GVBD) is 
induced by 1-methyl adenine (1-MA) (1971). The substance isnaturally produced 
at follicle cells. in the ovary under the influence of a hormonal peptide secreted 
from nervous tissues (KANA1'ANI and SHIRAI, 1967; SCHEUTZ, 1967; HIRAI, Cl!IDA 
and JUNATANI, 1973). 
Stafish oocytes naturally spawned are at the stage of metaphase of first 
meiotic division, at which by being inseminated they elevate the fertilization 
membrane and initiate the development normally. 
In sand dollar, sperm pronucleus increase in size prior to the fusion with 
female pronucleus after sperm enter normally to eggs (S!MMEL, 1961). In this 
case, sperm are added after the completion of the polar body formation. 
It is desirous to know when sperm pronucleus is able to increase in size during 
the oocyte maturation process. In this report, it was examined in starfish whether 
the sperm nuclei entered to immature oocytes attending with the germinal vesicle 
breakdown induced by 1-MA. 
MATERIAL AND METHOD 
Oocytes from Aste>-Yna pectinifera was used exclusively, because they generally 
1) Contributions from the Marine Biological Station, T6hoku University, Aomori City, 
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undergo no change when isolated from the ovary m sea water and provide 
excellent material for studing oocyte mauturation. The starfish were collected at 
Asamushi and kept in laboratory aquaria supplied with circulating cold sea water. 
1-methyl adenine (1-MA, Sigma) dissolved in deionized water at a concentra-
tion of 10-31\f was served as stock solution and was diluted with normal sea water to 
10-s M before use. 
For obtaining isolated oocytes, ovaries were removed and washed two or 
three times with fresh sea water. Full-grown oocytes with geminal vesicles were 
isolated from these ovaries and washed three times with sea water.· The oocytes 
were kept at least for 1 hour to ascertain that they were not undergoing spontaneous 
maturation. Less than 15% of the oocytes show GVBD within 30 minutes of isola-
tion in sea water. 
To obtain sperm suspension, an isolated testis was torn with forceps in normal 
sea water and the sperm were diluted with sea water containing 10- 4M histidine in 
order to increase their motility. The number of spermatozoa was assigned by 
counting with the haematometer. A small amount of suspension was added to 
isolated oocytes whose germinal vesicle had already broken down. The fertiliza-
bility of the spermatozoa was checked by observing the elevation of fertilization 
membrane. The sperm suspension was newly prepared before use. 
For cytological examination, oocytes were fixed with Bouin 's solution or 
CaLNOY's solution and were sectioned with the usual paraffin method. The section, 
10 !-" in thickness stained with HEIDENHAIN's haematoxylin or acetic orcein after 
hydroxylation in IN HCl solution for 3- 5 min at 60°C. 
RESULTS 
Generally, in Asterina pectinifera, the artificial fertilization is performed after 
GVBD induced by 1-MA. The oocytes isolated from the ovary undergo no 
change in sea water, retaining the intact germinal vesicle. They ar~ called 
immature oocytes. When the isolated immature oocytes were immersed in 10-o 
M 1-MA sea water, their germinal vesicles are completely broken down within 40 
minutes. These germinal vesicle broken oocytes are called the mature oocyte. They 
elevate the fertilization membrane and develop normally, if inseminated. 
Firstly, it was examined whether no elevation of fertilization membrane in 
inseminated immature oocytes was due to that sperm could not enter to these 
oocytes. The immature oocytes were suspended in sea water with sperm for 5 
minutes, and then were transfered into 45% hypotonic sea water in which t.hey were 
kept for 2 minutes to kill supernumerary sperm. This killing treatment was clone 
for the prevention of entrance of sperm suspending in surrounding medium after 
those maturation (GVBD) induced by 1-MA. 
The sperm is lost its fertilizability by treatment with hypotonic sea water 
(Table 1). Unfertilized mature eggs were placed in 45% hypotonic sea water which 
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Table 1 
Fertilizability of the sperm t reated with hypotonic sea water. 
l\Iinutes after fiL-st insemination., 
I 
Reinsemination 21 
5 15 30 
Fertilization 
membrane 0 0 0 100 
formation (% ) 
1) The matllre oocytes were placed in 45% hypotomc sea water (first 
insemination), and at various intervals after insemination fertilization 
membrane format ion was cotmted. 
2) In the control the oocytes were transferred to normal sea water con-
taining fresh sperm 35 minutes after first in semination (reinsemina-
t ion). 
Table 2 
Swelling of sperm nuclei, which entered previously into immature oocyte 
with germinal vesicle, following breakdown of germina.l vesicle. 
Hl7 
E xperimental procedure- \GVBD (% ) \ FM(%) Swelling (% ) 
Exp. 1. Insem. k. n .s.w. - 11±3 10± 6 7±4 Exp. 2. I nsem. k. 11.8.\V. 1-l\'IA n .s.w.- 100 10± 5 79±8 
Con. 1. n.s.w. k. n.s.w. - 16±4 0 0 Con. 2. n .s.w. k. n.s.w. 1-l\'IA n.s.w.- 100 0 0 
Time j 5 min I 2 min 8 min \ 40 min \ 60 min I I 
Insem. ; insemination. 
k. ; killing of suspended sperm by 45% hypotonic sea water. 
Con. ; Control. 
n.s.w ; normal sea water. 
GVBD ; Breakdown of germinal vesicle. 
FM ; Formation of fertilization membrane. 
suspended sperm. No fertilization membrane were formed even in the case that 
the oocyte-sperm suspension were transferred into fresh sea water. Then 
fresh sperm suspension was added again into them, the fertilization membrane 
were seen 100% within 5 minutes. Therefore the sperm were appeared to have been 
killed by the treatment with 45% hyptonic sea water. 
The immature oocytcs inseminated and then treated with hypotonic sea water 
did not proceed germinal vesicle breakdown and fertilization membrane elevation 
except some oocytes in which germinal vesicle broke down spontaneously before 
the insemination (Table 2). In the cytological observation, t he sperm nuclei 
were observed at the surface of the immature oocytes, but no inside of the oocytes. 
The elevated fertilization membrane was not seen at all. 
Next, it was examined whether the sperm nuclei entered to the immature 
oocytes swell following GVBD. The experimental procedure and results were 
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Fi"'. 1. Cytologica.l observations of sperm nuclei which entered m oocyte wtth germma.~ 
0 
vesicle. They were stained wit h acetic orcein. (A) smeared sperm; (~) sperm nuclet 
entered into oocyte with germinal vesicle; (C) swollen sperm nuclet 2 hours after 
breakdown of germinal vesicle. . . . 
F; follicle cells, GV; germinal vesicle, SN; sperm nuclet, SvVN; swollen sperm nuclei. 
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summarized at Table 1. When 
immature oocytes containing the 
germinal vesicle were mixed with 
sperm suspension for 5 minutes 
before GVBD, plural sperm en-
tered into the oocyte. After the 
insemination and killing treat-
ment with 45% hypotonic sea 
water, these immature oocytes 
were transferred into the normal 
sea water and then immersed into 
1-J\IIA (finally 10- 6 1\1) sea water. 
Within 40 minutes GVBD occur-
eel 100%. Then they have been 
kept in the normal sea water. 
In these oocytes, the multiple 
large nuclei were seen witmn 150 
Fig. 2. Swell ing of sperm nuclei 2 hours after 
germinal vesicle breakdown. 
minutes following GVBD (Fig. 1c, 2). Before germinal vesicle breadkown, condensed 
sperm nuclei located beneath the vitelline coat. 
If immature oocytes were kept in the normal sea water after the .insemination 
and the killing treatment with 45% hypotonic sea water without the induction of 
GVBD, the plural large nuclei were not seen except spontaneously matured 
oocytes (ll %), which elevated the fertilization membrane (11 %) and cleaved (7%). 
If the oocytes were immersed in 10- 6 1\1 1-J\IIA sea water after the hypotonic 
treatment without the insemination, GVBD were normally induced. The treat-
ment with hypotonic sea water is non-effective to the immature oocytes. \Vhen 
immature oocytes were firstly immersed 1-J\IIA sea water, inseminated and then 
treated with hypotonic sea water, all of them proceeded normally germinal 
vesicle breakdown, fertilization membrane formation and first cleavage. 
DISCUSSION 
In the sea urcmn, if insemination occurs at a period earlier than oocyte 
maturation, the sperm can enter the oocyte, but not initiate embryonic develop-
ment (WILSON, 1928). Recently, it has been reported that starfish immature 
oocytes, Asterina pectenifem formed several blisters, an indicater of polyspermy, 
and raised fertilization membranes, when they were treated with calcium-free 
sea water for l hour and then inseminated in normal sea water (CAYER et al, 1975). 
In Asteraina pectinifera, when sperm were added to immature oocytes without 
the treatment by calcium-free sea water, several sperm nuclei were observed at 
the peripheral cytoplasm of immature oocytes (Fig. 1) and several swollen nuclei 
were observed after the induction of GVBD by 1-l\iA (Fig. 1, 3). Therefore, it 
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was concluded that sperm can enter to immature oocytes without any treatments, 
but can not migrate towards the center of oocyte and they stay near the surface of 
the oocytes. 
In the present observation, the immature oocytes could not elevate the 
fertilization membrane and break the germinal vesicle although they recieved 
sperm. CAYER et al. (1975) reported that the fertilization membrane was elevated 
when the immature oocytes were inseminated after the pre-treatment with calcium-
free sea water. This seems to show that some physiological changes are brought 
on the immature oocyte surface by the calcium-free treatment. On the other 
hand, ScHUETZ (1975) reported that in the immature oocytes of Asterias forbesi 
pre-treated with calcium-free sea water vitelline membrane elevation and cortical 
granule discharge were induced as a result of sperm penetration, but the germinal 
vesicle were not broken down. In the present experiment the membrane eleva-
tion was possible to be induced only after the completion of GVBD. This 
result seems to support the CAYER's conclusion. 
In sea urchin and sand dollar eggs, which are normally recieved sperm after 
completion of polar body formation, it is generally known that the male pronucleus 
increase in size and become more round prior to the fusion with female pronucleus 
(cf. SmMEL 1961). In the starfish, the sperm nuclei penetrated into the immature 
oocytes could be swollen after GVBD which was induced by the post-treatment of 
1-ii'!A. They retained in condensed state and located beneath the vitelline coat 
before GVBD. These results suggests that the mixing of germinal vesicle 
materials with egg cytoplasm have some participation in the swelling of sperm 
nuclei. Detailed observation on this problem would be desirable. 
SUMMARY 
It was examined whether in starfish, Asterina pectenifera, sperm can enter to 
the immature oocyte and swell after the germinal vesicle breakdown. 
When sperm were added to the immature oocytes without any pretreatments, 
fertilization membrane did not form, but the sperm could enter the eggs. Several 
condensed sperm nuclei were cytologically observed within the surface of these 
oocytes. 
The sperm entered to the immature oocyte swelled within 2 hours after the 
induction of GVBD by 1-i\I[A, while before GVBD retained in condensed state 
beneath the surface of the immature oocyte. 
It seems that the mixing of germinal vesicle material with egg cytoplasm 
have some participation in the swelling of serm nuclei. 
The author wish to thank Dr. K. Osanai for his suggestion and critical reading 
of the manuscript. 
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